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ABSTRACT 
A mouthguard is a protective device that covers the teeth, gums and soft tissues of cheek and mouth. The mouthguard 
functioning as a buffer from trauma and provide level of protection based on the type of protection while playing 
sports. However, many athletes choose not to use the mouth guard during playing sports. This is because athletes 
facing the difficulty in breathing properly due to poor ventilation space at the mouthguard and current design are 
uncomfortable. It thus reduces their stamina. This study was conducted by analysis existing design of mouthguards. In 
this study, three designs of mouthguard with same type are selected and each of them have different number, shape 
and design of air flow holes. These existing mouthguards will be analyzed by using computational fluid dynamic 
(CFD) approach. Ansys CFX is one of the software fully integrated in the Ansys Workbench 15.0 platform and also 
CFD analysis tool. The Ansys CFX software was used to analyze the existing mouthguard and to obtain the required 
air flow characteristic. The objective of this research was to determine the parameter related such as velocity, 
pressure and type of air form inside the athlete’s mouth. Overall, it can be concluded that the minimum and the 
maximum value for velocity profile and pressure has been obtained, at the same time the type of air form has been 
observed at the end of this research.  
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INTRODUCTION 
A mouthguard is a protective device which 
functioning as a buffer from trauma and provide the level 
of protection based to the type of protection. For example, 
its provide protection to the oral soft tissues (lips, gums, 
tongue) and hard tissues (teeth and alveolar bone) and 
protection from brain injuries (Knapik J et al 2007). The 
ability of mouthguard to protect the mouth is very 
dependent on the ability of mouthguard to act as shock 
absorber and absorb force transmitted through the teeth 
(Craig RG et al 2002). However, if the applied force is too 
high, adverse effect can be reduced. Figure 1.1 show the 
injuries occur to the teeth without using of mouth guard. 
 
 
 
Figure 1.1: teeth injuries cause by not use 
mouthguard 
 
Mouthguard has been long used as a method to 
reduce injuries during sports and recreational activities. 
There are several types of mouthguard. The simplest one 
is the stock mouthguard, which available and can be 
purchased from the store sports equipment. The second 
type is the mouth formed or boil and bite guards, usually 
used by who were healed and immediately used by 
athletes to allow some adjustment to the applicable 
dentition. The most betters and complex mouthguard is 
custom made and come in several types, but all require a 
cast impression of the patient’s teeth as a first step and 
mouthguard is made on this cast. Figure 1.2 show the 
available mouthguard on the market. 
 
 
Figure 1.2: available mouthguard on the market 
 
 The advantages current model mouthguard is 
during athletes using it their have problem to breathing 
properly due to poor ventilation channel at current 
mouthguard and also the current design was 
uncomfortable. Athlete’s performance improvement in 
muscular strength and endurance during games or training 
are depends on airways opening (between mandibular and 
temporal bone skull). 
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LITERATURE REVIEW 
Mouthguard Background 
A protective device that’s use for the mouth that cover the 
teeth and gums to prevent and reduce injury to the teeth, 
lips and gums known as mouthguard. A mouthguard is 
most often used to prevent injury in contact sports such as 
rugby football which require tackling of players that can 
cause injury, as a treatment for bruxism of TMD, or as a 
part of certain dental procedures such as tooth bleaching. 
Depending on the application, it may also know and called 
as a mouth protector, mouth piece, gum shield, night 
guard, gum guard, occlusal splint, bite splint or bite plane. 
For almost a hundred years mouthguard has been weary 
by sportsmen and were initially used by boxers. The first 
recorded sport activity that used mouthguard was boxing. 
Apparently boxes fabricated mouthguard like device made 
from cotton, tape, sponge, or small pieces of wood.  They 
hold these material on the teeth and hope these things can 
provide some shock from a punch to the face. However, 
when more concentration focus on hold these thing in 
mouth, it will draw away attention to the fight. Back in 
years 1930, the first description mouthguard appeared in 
the dental literature (Joseph J. Knapik et al 2007). 
Mouthguard was made of from a piece of natural rubber 
that has been hollowed out and trimmed so that it would 
fit over the maxillary teeth and was weary to prevent 
broken or chipped teeth that’s resulting from blows upon 
the head. As it is not in accordance with the teeth, jaw 
clenched to hold the mouthguard in place, so it’s making 
difficult for the wearer to breathe normally.  
Mouthguard function as buffers to prevent laceration and 
bruising during impact to the soft tissues of the lips, 
cheeks, and also to the teeth. Tooth fracture or dislocations 
causes by cushioning the teeth from direct frontal blows 
while redistributing the forces of impact can also be 
reduced. In addition, mouth guard help to reduce 
neurologic injury by acting as shock absorbers between 
the upper and lowers jaws. Wearing of mouthguard 
provide a psychological benefit to athletes, from the 
finding has suggested that athletes feel more confident and 
aggressive when they feel have the proper protection. 
 
Importance of Wearing Mouthguard 
A mouthguard is a soft plastic or laminate device used in 
sports normally to prevent oral injuries to the teeth, mouth, 
cheeks, tongue and jaw. Based to the American Dental 
Association projects shows that one third of all dental 
injuries related to sports. By using of mouthguard can 
prevent more than 200,000 oral injuries to the mouth each 
year. 
The types of dental injuries which can occurs cause by not 
wearing mouth guard are chipped or broken teeth, 
fractured crowns or bridgework, lips and cheek injuries, 
root damage to the teeth, fractured jaws, and concussions. 
Any athlete may be at risk for oral injury and any others 
injury can be prevented with the use of mouthguard. 
Mouthguard is mandatory and need to use when playing 
sport related to the collision such as football, hockey and 
boxing where the risk of injury is likely. Adults and 
children involved in incidental contact sports like 
basketball, baseball, softball, wrestling, soccer, and 
volleyball must consider of wearing a mouthguard to 
prevent injuries might be occur to the mouth. 
Based on a study conducted by high school athletes has 
been found that seventy-five percent of injuries occurred 
are related to not using of mouthguard and forty percent 
occurs during playing of basketball and baseball. Around 
nine percent of all athletes suffer some types of an oral 
injuries, while remaining of three percent juries relate to 
the loss of conscious. Fifty-six percent of all concussion 
were suffer when not wear of mouthguard. There were 
significantly fewer number of concussions during wearing 
of mouthguard (P = 0.0001) Trauma related to the sports is 
more prevalent than previously reported (Mc Nutt et.al 
2009) 
 
Classification of Mouthguard 
There are three types of mouthguard that generally 
available on the market: stock mouthguard,  mouth 
formed mouthguard, and custom-made mouthguard. 
Theoretically, a proper fitted mouthguard should be 
comfortably protective, resilient, tear resistance, odorless, 
tasteless, inexpensive, and easy to be fabricate and do not 
interfere with speech but most importance things is 
airways channel for breathing which play an important 
role. 
 
Stock Mouthguard 
Stock mouthguard are preformed and come ready to wear 
in various sizes but with nearly no adjustment to fit the 
user mouth. These mouthguards are mostly made from 
either polyvinyl chloride, polyurethane, or a co-polymer of 
vinyl acetate or ethylene. Stock mouthguard is inexpensive 
and can be bought from the most of sporting goods stores 
and department store. It is also provide least comfortable 
or protective, make breathing and talking so difficult 
because they require the jaws to be closed to hold them in 
place.  
 
Figure 2.2: stock mouthguard 
 
 
 
Mouth Formed Mouthguard 
Mouth formed mouthguard are known as “boil and bite” 
mouth guard, where it’s made from thermoplastic 
material. These mouthguard are placed in boiling water 
then formed and molded to the contours of the teeth using 
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fingers, lips, tongue, and biting pressure. Although, these 
mouthguard have poor fit to the teeth and tend to be thin 
over prominent teeth that are exposed to damage. 
 
Figure 2.3: mouth formed mouthguard 
 
Custom Made Mouthguard  
Custom-made mouthguard are the mouthguard that’s has 
been made in dental laboratory based on the cast taken 
from an impression as a mold to create the custom-fitted 
mouthguard supplied by dentist. These type of 
mouthguard are made by using multiple sheets that are 
laminated upon one another over a cast of the athlete’s 
teeth using heat and high pressure. Custom made 
mouthguard usually are more expensive than other types 
because it’s provide the greatest degree of fit, comfort and 
protection. 
 
Figure 2.4: custom-made mouthguard 
 
Mouthguard material 
Ethylene vinyl acetate (EVA) is the material that has been 
used to make mouthguard and this material consist 
composition of copolymer of ethylene and vinyl acetate. 
This material are extremely elastic can be sintered to form 
a material name of porous material similar like rubber, yet 
with excellent of toughness. In addition, it’s three times as 
flexible as low-density polyethylene (LDPE), the tensile 
elongation of 750% with a peak of melting point around 
250°F (96°C). This material has been use to manufactured 
of mouthguard because of its properties that qualify the 
need as material of mouthguard. Besides, the characteristic 
of EVA material produce the foams with gas inclusions 
that will be aid energy absorption and used in the 
construction of sporting mouthguard. Foams are different, 
although, based on the air inclusions described by 
Westerman et al 1997, where air cells were formed in 
mouthguard materials with regular patterns and specific 
air cell volumes and wall thickness. 
 
 
Figure 2.5: molecule structure of EVA (Ken et al 2012) 
 
Finite Element Analysis 
Mouthguard design 
A research related to the analysis of mouthguard using of 
finite element has been conducted by Josipa Borcic and 
Alen Braut in 2007.  The title of this research is Finite 
Element Analysis in Dental Medicine. During this study 
run, at first the researcher using the traditional method but 
there has been much manners and efforts spent to 
experimental research, but due to the complexity of the 
subject structure, which consists of variety of mechanical 
and chemical interconnected and due to the complex of 
morphology, these attempts fail to obtain accurate and 
more precise result. The conventional methods like photo 
elasticity and strain gauge method are not sufficiency 
reliable to predict the pressure distribution in the subject. 
The use of traditional method such as load-to-failure 
bench-top testing unable to create a mechanism of failure 
seen clinically. Conversely, the use of method finite 
element analysis (FEA) is becoming more popular because 
of its ability to accurately evaluating the biomechanical 
behavior of the complex artificial material structures are 
irregular and  heterogeneous in ways that’s not destroy 
and repeated (Thompson et al 2011). 
Finite element analysis (FEA) is knows as a numerical 
method to analyze the deformation and stress of the 
structure that’s derived from the need to solve complex 
structure in engineering and aviation. In order to achieve 
this target, the structure are divided into many of small 
and medium segments of elements, with each segment 
have specific physical characteristics. Most advantage of 
using software finite element analysis (FEA) is because of 
its ability to solve complex problem where other method 
unable to solve. Verity of force and qualities such as 
stress, strain and etc. can be measure from every point 
throughout the structure. Finite element analysis also 
usually being used as part of the design process in order to 
stimulate possible part of failure in structure, as a way to 
reduce the need for prototyping, and reduces the need to 
perform actual experiment. Through using of this method 
allows researchers to address some of the ethical and 
methodological limitations and enable them to confirm 
how the pressure moved across the structure. 
In the field of dentistry, finite element analysis was used 
to stimulate the process of bone remodeling, to examine 
the internal pressure acting on the teeth, different type of 
dental material and to optimize the shape of the recovery. 
In order to testing biological material properties and 
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anatomy, usually mechanical testing involve with the 
biomaterials always require a large number of samples. By 
using of finite element analysis the traditional specimen 
requirements can be circumvented, with using of 
mathematical models it also removed the need for a large 
number of dental experiments. 
 
 
Figure 2.6: analysis using of Finite Element method 
(Josipa Borcic at el.2007) 
 
Tool and Software Use for Research 
Computer Fluid Dynamics (CFD) 
CFD is the tool in the reverse engineering, its use for 
analysis and simulation. The CFD is simulation of fluid 
engineering systems which using modeling (mathematical 
physical problem formulation) and numerical methods 
(discretization methods, solvers, numerical parameters, 
and grid generations) (C.Maxwell et al 2012). Computer 
fluid dynamics also known as the art of replacing like PDE 
systems by a set of algebraic equation which can be solved 
using digital computers (Dmitri Kuzmin, University of 
Dortmund). In this research, Computer fluid dynamics 
(CFD) will be used to simulation and analysis the pattern 
of air flow in the upper airway of the human respiratory 
system when wear a mouthguard. Lynne et al state that the 
human upper airway is a complex, multifunctional, 
dynamic nueromechanical system. Its patency during 
breathing requires moment-to-moment coordination of 
neural and mechanical behavior and varies with posture. 
Fluid (gas and liquid) flow where is governed by partial 
differential equations representing laws of conservation 
for mass, momentum and energy.  
The reason why using of Computational Fluid Dynamics 
(CFD) method in analysis and why not using traditionally 
is because of by using of CFD the simulation was 
conducted base on the design instead of build and then test 
concept which be able to save more cost and it’s also 
provide high fidelity database for flow field. Moreover, 
the result from CFD are more accurate because of its 
analysis much complex and further. Computer Fluid 
Dynamic (CFD) provides a qualitative prediction a fluid 
flow through mathematical model (partial differential 
equations), numeral methods (discretization and solution 
techniques) and software tools (solvers, before and post-
processing facilities). Besides, when using of 
computational fluid dynamics the analysis may be able to 
see the pattern of air flow inter the mouth when athlete 
using of mouthguard and far better than other methods. 
CFD tool of analysis gives a views of flow patterns which 
are difficult, expensive or impossible to study by using of 
traditional (experimental) techniques. These tool also have 
been use in others research to model the upper airway 
fluids dynamics using CFD and investigate the strength of 
correlation between various CFD endpoints, anatomical 
endpoints, and obstructive sleep apnea syndrome (OSAS) 
severity, in obese children with OSAS and controls (David 
et al 2014). 
 
Figure 2.8: application of CFD that’s relate to upper 
airways (David et al 2014) 
 
METHODOLOGY 
CT scan data 
The CT scan machine is used in order to get the view 
when human wearing mouthguard. A respondent chooses 
from an athlete entered the CT scan machine and wear 
mouthguard then his head were scanned. From CT scan 
will give us the data with the format of MXP file. 
 
Editing 3D models 
The 3D image of custom-made mouthguard from STL file 
format was converted into Geomagic Studio 10 formats. 
Normally, the quality of the digitized image 3D scanner by 
ATOS is not 100% become 3D. Therefore, Geomagic 
Studio 10 software also functions as an important 
additional editing tool. This software can transform the 3D 
scan data and polygon meshes from an ATOS 3D scanner 
into an accurate and editable 3D digital model. Finally, the 
edited surface of the 3D model will be translated into an 
IEGS file to ensure the files can be read in the CAD 
program for designing preparation such as software 
SolidWorks or Catia. 
 
Simulate of data using Ansys 
The completed data that has been edited by using of 
Solidworks software will be saved from integrated into an 
IEGS format in order that file was able to open in CFD 
software. Then by using CFD software which known as 
Ansys, we will be able to identify the airflow pattern when 
an athlete wear of mouthguard. From there the difference 
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will be identified and the selection will be made. As well-
known in the CFD simulations by using of Ansys 
Software we can identify the parameter and pattern of 
airflow such as laminar, turbulent, transitional flows, 
internal flow and external flow. The purpose of CFD 
codes will be different depend on applications. There are 5 
steps in CFD process. 
 
1. Geometry 
2. Mesh 
3. Setup 
4. Solution 
5. Results 
 
RESULT AND DISCUSSION 
Experimental results analysis 
The solution was obtained in two types which the first one 
is conducting related to the flow of air enter mouthguard 
with the primary objective to determine the velocity of 
airflow enter mouth while wearing the mouthguard which 
related to the performance of an athlete. Then, the study 
on pressure was conducted to the model with the objective 
to determine the pressure at the outside and inside of the 
model. In addition, after the analysis was done, the 
simulation model will display the result in a color contour 
arrangement which will be indicate the maximum and 
minimum value of velocity and pressure imposed to the 
model of mouth cavity with different type of mouthguard. 
 
Analysis for velocity of air at constant velocity 
The main purpose of this analysis conducted was to study 
the velocity of the air that goes into the mouth when 
athletes wearing mouthguard and observe at which parts of 
the model where there’s occur maximum velocity of air. 
Besides, in this analysis every mouthguard used have 
different air flow with some have a hole, more than one 
hole and there is no direct air route for breathing. Every air 
routes plays an important role in ensuring the amount of 
air enter entrance and this can be seen in the result 
analysis. In this research, the material used for the 
mouthguards is made of the same material which known 
as ethylene vinyl acetate (EVA) and it's consist 
composition of a copolymer of ethylene and vinyl acetate. 
The constant velocity of air, 10m/s is used to the model 
and that’s the standard speed of an athlete run 100m 
distance. From the results, can seen that the maximum 
velocity located at every mouthguards holes and gap 
between the mouth as well as mouthguard itself. The 
maximum velocity occurs at those places because here is 
the initial place where the air enter with high velocity. In 
addition, at the entrance also will occur slightly increase in 
temperature higher than room temperature causes by the 
maximum velocity of air enter. 
 
 
 
 
Figure 4.1: Result analysis velocity for first design 
mouthguard 
 
 
 
   Figure 4.2: Result analysis velocity for second design 
mouthguard 
 
 
 
 
  Figure 4.3: Result analysis velocity for third design 
mouthguard 
 
Analysis for pressure of air 
In this section shown what is happening in the model or 
subject analysis in term of pressure changes when constant 
speed of air are being applied to the model. The constant 
pressure used in this study is around 1atm equivalent to 
101325 Pa. It is the standard atmospheric pressure of air 
above sea level. Based on related constant pressure the 
analysis will used it and an assumption has been made to 
state that the pressure on the outside and inside of the 
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model was not same. From these results, it can be 
observed that the difference value of pressure occurs in 
entire parts of the model. The maximum pressure located 
on inside of the model while minimum pressure take place 
at the entrance.  Besides, the pressure increased starting 
from the entrance to the exit of the model. 
 
 
Figure 4.4: Result analysis pressure for first design 
mouthguard 
 
 
Figure 4.5: Result analysis pressure for second design 
mouthguard 
 
 
Figure 4.6: Result analysis pressure for third design 
mouthguard 
 
Overall results for analysis of mouthguard 
Both results analysis for velocity and pressure from the 
model simulation can be seen start from Figure 4.9 until 
4.17. For velocity model simulation results, it can be seen 
that the velocity of air enter the model at the entrance goes 
to exit was gradually decrease. Otherwise for the pressure 
model simulation results, the value of pressure gradually 
increase as air flow go to the exit. The table 4.4 below 
shown conclusion of overall results minimum and 
maximum velocity and pressure acquired. 
 
 
Table 4.4: Overall minimum and maximum velocity and 
pressure for the model simulation analysis 
 
Conclusion 
The main purpose of the study conducted by 
using of computer-aided simulation method to identify 
required parameters as described in objective. The studies 
have been done by selecting three types of mouth cavity 
model with mouthguard and consist of different airway for 
breathing and design. The parameter such as velocity, 
pressure and flow of air form can be observed at the end of 
this simulations. In this research, three kinds of software 
are used where each of them specific in scanning, 
designing and analysis. In order to read scanning file from 
computerized tomography (CT) scan data, the software of 
3-D Matics was widely practice and used in medical field. 
While for designing the model, the software Solidworks 
was used to draw the mouth cavity. At last, the parameters 
needed and air flow characteristic was analyzed by Ansys 
software. At the end of simulations and analysis, it can be 
summarized as follows. 
 
1. The velocity of air which enters the models were 
higher at the entrance and gradually reduce its 
speed after go to the bottom part of the model. 
2. The flow of air form afterward outside air enter 
the entrance of the models was in laminar form. 
This air form can be seen on the inside of the 
model where the air vortex take place. 
3. For the pressure, it appears conversely and 
opposite with the result of velocity because this 
can be observed from obtained results where air 
pressure at the entrance low and then increase at 
the bottom of the model. 
4. The design, shape and number of holes exist on 
the mouthguard slightly influence the outcome 
result of analysis. For example, by increase size 
of holes flow allow more volume of air to enter 
the model. 
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